Abstract. Nuclear factor-κB interacting long non-coding RNA (LncRNA NKILA) is a well-studied tumor suppressor lncRNA in several types of malignancies. The present study reports the involvement of this lncRNA in diabetic cardiomyopathy (DC). A 8-year-follow-up study on 312 diabetic patients without exhibiting obvious complications demonstrated that plasma lncRNA NKILA levels were upregulated specifically in diabetic patients who developed DC but not in patients with other complications. Plasma levels of lncRNA NKILA at 6 months prior to diagnosis is sufficient to distinguish patients with DC from other diabetic patients without significant complications. Although in vitro experiments demonstrated that lncRNA NKILA expression in cardiomyocyte cells was not affected by high-glucose treatment, ectopic lncRNA NKILA expression and lncRNA NKILA knockdown potentiated, and inhibited cardiomyocyte apoptosis, respectively. Therefore, the data from the present study suggests that overexpression of lncRNA NKILA is involved in DC, and overexpression of lncRNA NKILA may serve as a therapeutic target for treating DC.
Introduction
The development and progression of diabetes results in a series of complications that affect most major organs in the human body (1) . Diabetic complications are now considered as one of the leading causes of mortality in many countries (2, 3) . Chronic hyperglycemia in diabetic patients promotes the expression of pyruvate dehydrogenase kinase-4, which inhibits the activity of pyruvate decarboxylase, and inhibits the expression of glucose transporters (4) . The metabolic remodeling damages the myocardium and leads to the development of DC (5) . Diabetic cardiomyopathy (DC) is ventricular dysfunction developed in diabetic patients that is not caused by hypertension or coronary artery disease (6) . DC affects a considerable portion of diabetic patients, and its incidence is increasing as the disease progresses (7) . DC is associated with high mortality rates even with active treatment (8) . Therefore, at present, prevention of DC, rather than treatment, is more critical for the survival of diabetic patients.
A growing body of literature has shown that non-coding RNAs (ncRNAs) are key players in vascular complications associated with diabetes (9) . Long non-coding RNAs (lncRNAs) are a subgroup of ncRNAs that are of >200 nucleotides in length (10) . At present, several lncRNAs have been proven to be key players in DC, and their the regulation may contribute to the control of disease conditions (11, 12) . Nuclear factor-κB interacting long non-coding RNA (LncRNA NKILA) is a well-studied tumor suppressor lncRNA in several types of malignancies (13, 14) , while its involvement in other human diseases is unknown. The present study aimed to explore the role of lncRNA NKILA p in DC.
Materials and methods
Subjects and specimens. A total of 312 diabetic patients without obvious complications that were admitted to The People's Hospital of Puyang (Henan, China) between January 2008 and January 2010 were included in the present study. The inclusion criteria were as follows: i) Patients without obvious complications in major organs; ii) patients with complete medical records; and iii) patients completed a 8-year-follow-up period. The exclusion criteria were as follows: i) Patients suffering from complications of other severe diseases, including heart disease; ii) patients failed to cooperate with researchers; and iii) patients succumbed during follow-up period. These patients consisted of 168 males and 144 females, between 31 and 62 years of age (mean, 45.8±5.7). All patients signed informed consent forms before admission. The present study was approved by the Ethics Committee of The People's Hospital of Puyang.
Follow-up. All patients were followed up over a period of 8 years to record the occurrence of diabetic complications. A volume of blood (5 ml) was extracted every 6 months to obtain plasma samples, which were in tern obtained via centrifugation at room temperature in EDTA tubes for 14 min at 1,200 x g. Diagnostic criteria of DC were as follows: i) Diagnosed diabetes; ii) clinical manifestations of heart failure; iii) heart enlargement with impaired cardiac systolic function or diastolic dysfunction in cases of no heart enlargement; and iv) heart failure caused by other heart diseases including hypertensive heart disease. Patients with coronary heart disease and rheumatic valvular heart disease were excluded from the present study.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
To measure the expression of lncRNA NKILA, total RNA was extracted from the plasma (obtained from patients) or primary human cardiomyocyte cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.), according to manufacturer's protocols. Reverse transcription was performed using Applied Biosystems™ High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) using the following thermocycling conditions: 25˚C for 5 min, 52˚C for 15 min and 85˚C for 5 min. The subsequent qPCR reactions were prepared using SYBR ® Green Quantitative RT-qPCR Kit (Sigma-Aldrich; Merck KGaA). The primers of lncRNA NKILA and β-actin were designed and synthesized by GenePharma (Shanghai GenePharma Co., Ltd.): NKILA forward, 5'-AAC CAA ACC TAC CCA CAA CG-3' and reverse, 5'-ACC ACT AAG TCA ATC CCA GGT G-3'; β-actin forward, 5'-GCA CCA CAC CTT CTA CAA T-3' and reverse, 5'-TGC TTG CTG ATC CAC ATC TG-3'. The PCR reactions were carried out using the following thermocycling conditions: 1 min at 95˚C, 15 sec at 95˚C and 30 sec at 55.5˚C for a total of 40 cycles. The expression of lncRNA NKILA was normalized to the endogenous control β-actin using the 2 -ΔΔCq method (15) .
Cells and cell transfection. Primary human cardiomyocyte cells (T4037; Applied Biological Materials) were cultured in this study to perform in vitro cell experiments under conditions as recommend by the manufacturer. Cells were cultivated in cardiomyocyte growth medium (ScienCell Research Laboratories, Inc.) at 37˚C with 95% humidity and 5% CO 2 . Vectors (pcDNA3) expressing lncRNA NKILA and its corresponding empty vector, as well as the lncRNA NKILA siRNA (5'-AUC UGG GGU AGG CGC UGG GUA U-3') with its respective negative control, were all designed and prepared by Sangon (Sangon Biotech Co., Ltd.). Lipofectamine ® 2000 reagent (11668-019.; Invitrogen; Thermo Fisher Scientific, Inc.) was used for all cell transfections of vectors (10 nM) and siRNAs (30 nM). All experiments were performed in accordance with the manufacturer's instructions. Transfection with empty vectors or negative control siRNAs was considered as the negative control (NC) whereas cells that were treated with only Lipofectamine 2000 reagent without vectors or siRNAs were considered control (C) cells. Incubation with the transfection mixture was performed for 5 h at 37˚C. The interval between transfection and subsequent experiments was 24 h.
Cell apoptosis assay. lncRNA NKILA expression reached 200% and knockdown rate reached 50% at 24 h after the transfection of siRNA and vectors. Following 24 h transfection, suspensions of primary human cardiomyocyte cells at a density of 5x10 4 cells/ml were prepared using serum-free cell culture medium (as aforementioned) supplemented with 20 mM D-glucose, before being subsequently seeded into 6-well plates at 2 ml/well. The cells were then cultured for 48 h, followed by digestion using 0.25% trypsin (Sangon Biotech Co., Ltd.) before being subjected to Annexin V-Fluorescein isothiocyanate (FITC; Dojindo Molecular Technologies, Inc.) and propidium iodide (PI; Dojindo Molecular Technologies, Inc.) staining. Apoptotic cells were detected using a flow cytometer. Data were analysed using FCS Express 6 Flow Cytometry Software (De Novo Software).
Statistical analysis. Experiments were repeated three times and data were expressed as mean ± standard deviation. All statistical analyses were performed using the SPSS19.0 software (IBM Corp.). Comparisons between two groups were performed by Student's t-test, whereas comparisons between three groups were performed using one-way analysis of variance followed by Tukey test. Diagnostic values of plasma lncRNA NKILA for DC were evaluated by applying receiver operating characteristic (ROC) curve analysis (Graphpad prism 6; GraphPad, Inc.), with DC patients as true positive cases, and diabetic patients without obvious complications as true negative cases. P<0.05 was considered to indicate a statistically significant difference.
Results
LncRNA NKILA is upregulated in diabetic patients with DC but not in patients with other complications. At the end of the 8-year follow-up period, 48 patients were diagnosed with DC only (DC), 42 patients were diagnosed with diabetic nephropathy only (DN), 34 patients were diagnosed with diabetic retinopathy only (DR); while no significantly complications were observed in 44 diabetic patients (D), and 144 patients were diagnosed with multiple complications. The group containing 144 patients with multiple complications were excluded in the following analyses to avoid ambiguity. The expression of lncRNA NKILA in plasma collected from the different patient groups at the end of follow-up was analyzed using RT-qPCR. LncRNA NKILA was demonstrated to be significantly upregulated in the group of diabetic patients who developed DC compared with all the remaining patient groups (Fig. 1) .
Plasma lncRNA NKILA levels at 6 months before diagnosis in patients with DC and diabetic patients without obvious complications. Diagnostic values of plasma lncRNA NKILA were evaluated using ROC curve analysis, with DC patients as true positive cases, and diabetic patients without any obvious complications as true negative cases. For plasma levels of lncRNA NKILA at 6 months before diagnosis, the area under the curve was 0.83, with a standard error of 0.041 and 95% confidence interval of 0.75-0.91 (Fig. 2) . However, plasma levels of lncRNA NKILA before this time point failed to diagnose DC (data not shown).
Nevertheless, ROC curve analysis carried out in the present study illustrated that plasma lncRNA NKILA levels at 6 months before diagnosis is sufficient to distinguish DC patients from diabetic patients without obvious complications.
Expression of lncRNA NKILA in cardiomyocytes is not affected by high-glucose treatment.
To investigate the effect of glucose on lncRNA NKILA expression, primary cultured human cardiomyocytes were treated with D-glucose at concentrations of 5, 10 and 20 mM (5 mM was used as control as it is within the normal blood glucose range) for 12, 24 and 36 h. Expression of lncRNA NKILA in cardiomyocytes following D-glucose treatment was measured using RT-qPCR. Treatment with D-glucose at concentrations of 5 (control), 10 and 20 mM for 12, 24 and 36 h did not lead to any significant effects on lncRNA NKILA expression in cardiomyocytes (Fig. 3) .
LncRNA NKILA overexpression promotes apoptosis in cardiomyocytes. Apoptosis of cardiomyocytes contributes to the pathogenesis of DC (6) . Therefore, the effects of lncRNA NKILA overexpression and depletion by siRNA knockdown on cardiomyocyte apoptosis was analyzed using Annexin V-FITC/PI staining by flow cytometry following 20 mM D-glucose treatment. Following 24 h transfection, ectopic expression of the lncRNA NKILA vector in cardiomyocytes resulted in a two-fold increase observed in intracellular lncRNA NKILA mRNA levels (Fig. 4A) . lncRNA NKILA siRNA transfection induced a 50% reduction in intracellular lncRNA NKILA mRNA levels compared with controls (Fig. 4A) . These efficiencies suggest that the transfection was successful (Fig. 4A) . Compared with C and NC groups, ectopic lncRNA NKILA expression and lncRNA NKILA knockdown accelerated and inhibited cardiomyocyte apoptosis, respectively (Fig. 4B) .
Discussion
LncRNA NKILA serves a role as tumor suppressor in several types of malignancies (13, 14) . To the best of our knowledge, the involvement of lncRNA NKILA in diabetic complications remains poorly understood. The key finding of the present study is that lncRNA NKILA was upregulated in diabetic patients who developed DC but not in patients with other complications. The experimental data presented here demonstrated that lncRNA NKILA promotes apoptosis in cardiomyocytes, which may contribute to the progression of DC.
Expression of lncRNA NKILA has been extensively investigated in many types of cancer in humans (13, 14, 16, 17) . As a tumor suppressor lncRNA, NKILA expression has been illustrated to be downregulated in various types of cancer malignancies, while its upregulation inhibits cancer development (16) . The 8-year-follow-up study presented here revealed that lncRNA NKILA expression was specifically upregulated with the occurrence of DC. In addition, Plasma levels of nuclear factor κB-long non-coding RNA at 6 months before diagnosis distinguishes DC patients from diabetic patients without obvious complications (as evaluated by receiver operating characteristic curve analysis).
lncRNA NKILA expression in cardiomyocytes was not significantly affected by high-glucose treatment, indicating that the involvement of lncRNA NKILA is specific to DC and not in diabetes per se or other complications associated with diabetes.
The mortality rate of patients with DC is unacceptably high even after active treatment (18) . Therefore, development of early prediction markers for DC is critical for developing prevention and management strategies. In the present study the measurement of plasma lncRNA NKILA mRNA levels at 6 months before diagnosis was sufficient to distinguish patients with DC from patients with diabetes but without significant complications. Therefore, plasma levels of lncRNA NKILA may act as a potential marker for the prevention and/or treatment of early DC.
Apoptosis of cardiomyocytes under a high-glucose environment contributes to the pathogenesis of DC (19) , and inhibition of this pathophysiological process is considered to be a promising therapeutic target for DC (20) . In the present study, it was illustrated that lncRNA NKILA overexpression and lncRNA NKILA knockdown accelerated and inhibited apoptotic cell death in cardiomyocytes under high-glucose treatment, respectively. Therefore, the suppression of lncRNA NKILA expression may inhibit the development of DC. Nevertheless, further clinical trial studies are required to confirmed the results of the present study. In addition, in the present study lncRNA NKILA expression did not change in the presence of high-glucose treatment in vitro. Therefore, lncRNA NKILA expression may be dysregulated during the formation of heart lesions in diabetic patients. Additionally, the present study showed that lncRNA NKILA levels were upregulated in patients with DC combined with other complications, including hand and food diseases, and retinopathy (data not shown). However, diabetic patients with multiple complications (except cardiomyopathy) exhibited no signifi cant changes in lncRNA NKILA levels (data not shown), further implicating the specifi c involvement of lncRNA NKILA in DC.
A potential limitation in the data from the current study is that it did not elucidate the mechanism for the regulation of cardiomyocyte apoptosis by lncRNA NKILA. Preliminary studies have indicated that lncRNA NKILA has no binding partners with apoptosis mediators that are well-characterized in cardiomyocytes, including miR-133b-5 and miRNA-21 (21, 22) . Therefore, the identifi cation of the downstream effectors of lncRNA NKILA is needed.
In conclusion, the present study demonstrated that lncRNA NKILA was upregulated specifically in diabetic patients who developed DC, and lncRNA NKILA overexpression may contribute to the progression of DC by promoting cardiomyocyte apoptosis.
